A study of TiO2(rod)SiO2 composites coated with polyaniline (PANI) has been performed. PANI was synthesized through in-situ polymerization of aniline at various concentration (0.0137, 0.0274, and 0.0411 M) 
INTRODUCTION
In recent years, conducting polymer/inorganic hybrid materials have been extensively studied because of their potential applications in chemistry, physics, electronics, optics and biotechnology [1] [2] . Conducting polymers have already been widely used in photovoltaic devices such as solar cells, light-emitting diodes, and corrosion-protecting paint [3] [4] . The physical and chemical properties of final conducting polymer/inorganic composite can be tailored through proper selection of conducting polymer type and inorganic material for particular purposes. Although there are plenty of conducting polymers, little work has been done on using conducting polymer to modify TiO2(rod) to decompose organic pollutions. As a typical conducting polymer, PANI has unique electrical, optical and photoelectric properties, and most importantly, it is cheaper than other conducting polymers. Some researchers have investigated the effect of incorporation of PANI to the photocatalytic performance of TiO2 [4] [5] [6] . One of the research reported that PANI acts as a sensitizer to the neat TiO2 by triggering TiO2 to absorb photon under visible irradiation [6, 13] . Compared to the neat TiO2, the PANI-TiO2 nanocomposites showed better photocatalytic activity in the photodegradation of methyl orange under sunlight [6] . Another research revealed that the modification of TiO2 by PANI improved the photocatalytic degradation of phenol due to the synergetic effect of PANI and TiO2 [4] . PANI modified TiO2 nanocomposite not only absorbs the UV light but also significantly absorbs the visible and near IR [5] . PANI has a forbidden band gap of 2.8 eV, showing strong absorption in the region of visible light. Hence, it may function as a sensitizer to TiO2 so PANI modified TiO2 have better photocatalytic activity than neat TiO2 [6] .
Beside TiO2-PANI, many studies have been done to explore the properties of TiO2-SiO2. It is revealed that addition of SiO2 to TiO2 improved some characteristic of pristine TiO2 like the surface area, the homogeneity, and its absorptivity. The changes of these properties improved the photocatalytic activity of TiO2 [7] . Silicamodified TiO2 was also reported to exhibit a better photocatalytic performance than TiO2 itself [8] . The improved performance came especially from two important things, the interaction between TiO2 and SiO2 and improved adsorption of the pollutant on the silica over pure TiO2. Principally, there are two types of interaction of TiO2 and SiO2 that is physical with such weak forces as van der Waals, and chemical with the formation of Ti-O-Si bonds [9] . Depositing TiO2 on silica develops a new surface characterized by the presence of Lewis and Brønsted acid sites [10] . The degree of interaction depends on the preparation methods and synthesis conditions [11] . In the photocatalytic evaluation of the composites, it is found that the organic pollutant more adsorbed on SiO2, so the presence of SiO2 in TiO2-SiO2 mixed oxide raised the concentration of pollutant near the TiO2 sites and finally increased the photocatalytic activity [1, 10] . These materials have been considered to be used not only as catalytic supports but also as catalysts through the generation of new catalytic active sites [8, [12] [13] . It is also well known that silica surface is fairly-unreactive, however, the silica surface hydroxyls generally act as adsorptive/reactive sites because of their hydrophilic character [8] .
Most publications reported modification on nanoparticle TiO2. Recently, lower dimensions of nanostructured TiO2 attract research interest due to their electronic and optical properties [14] [15] [16] . Onedimensional (1-D) TiO2 nanostructures such as nanowires and nanotubes have been investigated extensively due to their superior electrochemical properties, which are attributed to dimensional anisotropy, and electron transport pathway [14, 17] . Therefore, this study proposed to modify nanorod TiO2 by coating with SiO2 and PANI. A various concentration of PANI that was formed by in situ chemical oxidative polymerization was studied. Firstly, TiO2(rod) was synthesized through the solvothermal method as well as spherical SiO2, then the dispersed TiO2(rod) was added dropwise to the silica spheres. PANI was introduced to the powder of the TiO2(rod)SiO2 by in situ polymerization at various concentration. The photodegradation of methylene blue under visible light was used to evaluate the photocatalytic performance of the resulted powders.
EXPERIMENTAL SECTION

Materials
Aniline monomer (Merck Company, Germany) was distilled two times under vacuum and stored below 4 °C prior to use. TiO2(rod), SiO2 and the TiO2(rod)SiO2 were synthesized using the same method as the previous study [18] . All chemicals including ammonium peroxydisulfate (APS, (NH4)2S2O8), hydrochloric acid (HCl) and methyleneblue, were purchased from Merck as analytical grade and used as received.
Instrumentation
The equipment used in this research include Teflon-lined autoclave, magnetic stirrer, glass equipment, X-ray Diffractometer, TEM, BET surface area analyzer, FT-IR, Diffuse-Reflectance-UV-Vis, and UV-Vis spectrophotometer.
Procedure
Attachment of PANI to form TSP was done by in situ chemical oxidative polymerization of aniline on the TiO2(rod)SiO2 [4] [5] . One g of TiO2(rod)SiO2 powder was dispersed into 80 mL of 1.2 M HCl under ultrasonication for 30 min to obtain a uniform suspension. Various quantitative of aniline (0.0137, 0.0274, and 0.0411 M) was added carefully to the solutions after that APS dissolved in 1.2 M HCl [5] with the molar ratio of aniline to APS of 1:1.15 was added to the reaction vessel dropwise under vigorously stirring in the ice-water bath. Then, the mixture was allowed to polymerize until a green precipitate of emeraldine salt of PANI was formed while stirring for 5 h. The reaction mixture was filtered under vacuum and washed with ethanol and water and then dried at 60 °C for 24 h [4-5]. The nanocomposites were labelled TSP01, TSP03, and TSP04, where 01, 03, and 04 refer to the concentration of aniline during the polymerization process, namely 0.0137, 0.0274, and 0.0411 M, respectively.
Characterizations of TSP composites
The X-ray diffraction (XRD) patterns were performed in the range of 2θ = 10-80° on a Shimadzudiffractometer, using Cu Kα radiation (λ = 0.15406 nm) as an X-ray source, operated at 40 kV and 30 mA. Crystallite size of anatase TiO2 can be calculated from the line broadening by Scherer's formula.
Fourier-transform infrared spectra (FT-IR) of the samples were recorded on the spectrometer (Shimadzu) in the range of 400-4000 cm -1 . Measurements were performed in the transmission mode in spectroscopic grade KBr pellets for all the powders. A diffusereflectance-UV Vis type Shimadzu 2450 was used to obtain the reflectance spectra of the catalysts over a range of 200-800 nm. Transmission electron microscopy (TEM) study was carried out on a JEOL JEM-1400 electron microscope to identify the morphology of TiO2(rod), TiO2(rod)SiO2, and TSP. The samples of TEM were prepared by dispersing the powder in ethanol; the dispersed samples were then dropped on carboncoated copper grids. The BET surface area was determined using Surface Area Analyzer (Nova 3200e Quantachrome).
Photocatalytic activity test
The photocatalytic activity of TiO2(rod), TiO2(rod)SiO2, and TSP nanocomposite were evaluated by determining the degradation of methylene blue as an organic pollutant under visible light. The powder of TiO2(rod), TiO2(rod)SiO2 or TSP of as much as 50 mg was added to 50 mL of an aqueous solution of methylene blue (10 mg L -1 ). The suspension was stirred in the dark condition at room temperature (25 °C) for 30 min to achieve adsorption equilibrium for methylene blue. Afterward, the suspension was illuminated by a 100 W Xenon lamp with a UV-filter for 90 min. Samples were then taken out regularly from the reactor and centrifuged immediately for separation of any suspended solid. The concentration of remaining methylene blue was obtained by measuring the absorbance of samples at λ max = 663 nm using a UV-Vis spectrophotometer. The determined absorption was converted to concentration through the standard calibration curve. Since the absorption is linear to the concentration, that the photocatalytic degradation efficiency was calculated using the equation:
where R% is degradation efficiency of methylene blue, A0 the initial absorbance of methylene blue in aqueous 
RESULT AND DISCUSSION
FT-IR Spectra
Fourier transform-infrared (FT-IR) spectroscopy was used to characterize the prepared TSP nanocomposite (TSP01, TSP03, and TSP04). Fig. 1 compares the FT-IR absorption spectra of TiO2(rod), TiO2(rod)SiO2, TSP composites (TSP01, TSP03, and TSP04), and PANI-HCl. The main characteristic peaks of doped PANI are assigned as follows [4, 21] : the band at 3454 cm -1 is attributable to N-H stretching mode, C=N and C=C stretching mode for the quinonoid (Q) and benzenoid (B) rings occur at 1587 and 1492 cm -1 . The bands at 1290 and 1226 cm -1 have been attributed to C-N stretching mode for the benzenoid unit, while the band at 1155 cm -1 is assigned to a quinonoid unit of doping PANI [4] . The characteristic peak of TiO2 at 484 cm -1 is so wide that it hides the finger peak in the TSP composite. The peaks at 3441.01 and 1496.76 cm -1 corresponding to the N-H stretching vibration and C=C bond, respectively. The initial concentration of aniline in the polymerization solution resulted in PANI layer on TiO2(rod)SiO2 composites [22] .
UV-Vis Diffuse Reflectance Spectra
UV-Vis diffuse reflectance spectra of TiO2(rod), TiO2(rod)SiO2, and TSP composites were shown in Fig. 2 . PANI has good absorption in the UV range and especially in the visible light region [4] . Compared to the TiO2(rod)SiO2, the absorption of TSP sample increased over the whole range of visible light whereas slightly decreased in the UV range. The band gap of TSP, TiO2(rod)SiO2 and TiO2(rod), obtained from the wavelength values corresponding to the intersection point of the vertical and horizontal parts of the spectra were shown in Table 1 . The band-gap was calculated using the equation: hc/λedge = Eg, where Eg the band-gap (eV), h was the Planck's constant, c was the light velocity (m/s), and λedge was the wavelength (nm) [23] [24] . It showed that the band gap of the TSP composite was slightly lower than that of TiO2(rod)SiO2 and TiO2(rod). The TSP composites could produce more electron-hole pairs under visible light illumination, resulting in high photocatalytic activities. By looking at the spectra in Fig. 2 , it can be explained that the TSP composite absorbs more light at wavelengths between 400 and 700 nm than the TiO2(rod)SiO2 composite. Neglecting other factors, more visible light absorption should increase the number of electron-hole pairs in the catalyst. 
Nitrogen Adsorption-Desorption Isotherm
The nitrogen adsorption-desorption isotherms for TiO2(rod)SiO2 and TSP composites are shown in Fig. 3 . The specific surface area was calculated using the standard BET method [25] . The adsorption isotherms of TiO2(rod)SiO2 and TSP (01, 03, and 04) composites are classified as type IV with H1 hysteresis loop in relative pressure of about 0.8. It can be associated with a porous material consisting of well-defined cylindricallike pore channels [26] . Specific surface area and the other textural parameters are provided in Table 2 . The changes in characteristics that include specific area, pore diameter, and pore volume are not too large. These may not affect the photocatalytic performance of the composites significantly.
From BJH pore size distribution desorption data (Table 3) , it can be seen that TiO2(rod)SiO2 shows the best character, including of surface area, pore volume and pore diameter. After PANI coating on the TiO2(rod)SiO2 composites, the porosity character decreases. The most striking character decline appears on pore volume and pore diameter of the composites. The decline in porosity character may be due to the thickness of the PANI layer formed so as to cover the active sites on TiO2(rod)SiO2. This decrease in porosity character may affect photocatalytic activity.
TEM Images
The TEM image (Fig. 4a) endorses the formation of TiO2(rod) with the length size of about 50 nm, and their presence is quite consistent. While TEM image of SiO2 (Fig. 4b) shows the spherical morphology with the size of about 200 nm, TiO2(rod) due to the high surface energy tend to be aggregated [5] . The aggregation of TiO2(rod) was reduced by modifying it with SiO2 to form TiO2(rod)-SiO2. The TEM image of TiO2(rod)SiO2 (Fig. 4c) mixed oxide presents that the core-shell structure did not form completely.
In the TiO2(rod)SiO2 composite, some of the TiO2(rod) bound on the surface of SiO2 (dark region) and part of TiO2(rod) only forms an ordinarily mixed oxide with SiO2 (Fig. 4e) . The composites just arrange (Fig. 4d-4f ) have wider shape and morphology than TiO2(rod)SiO2, proving that PANI layer has formed around the surface of the mixed oxides. The forming PANI layer in reaction mixture assigned by the green precipitate formation in the suspension.
The Formation of TSP Composites
TiO2 have isoelectric point at pH = 6 [5]. So, the TiO2 is positively charged in an acidic solution that is required for the in-situ polymerization of aniline [27] . Fig.  5 illustrated the mechanism of the formation of TSP composite. The surface of TiO2(rod) is negatively charged due to the adsorbed chloride anions from HCl solution. On the other hand, aniline monomer in acidic solution was transformed to the anilinium cation. Consequently, the electrostatic interaction will occur between negatively charged TiO2(rod) with anilinium cation. The TEM image (Fig. 4c-4d) did not show the homogeneous formation of the TiO2(rod)SiO2 core-shell structure. It seems that there are TiO2(rod) and SiO2 mixed randomly to form a mixed structure.
There is possibility that the covering process of SiO2 surface by TiO2(rod) did not work perfectly so several SiO2 still free as well as several TiO2(rod). So, there are three possible models (model 1, model 2, and model 3) for the polymerization of aniline on the surface of the composites. Polymerization of aniline may also take place on the surface of TiO2(rod), on the spherical SiO2 and on the composite of TiO2(rod)-SiO2. SiO2 such as TiO2(rod) is also positively charged in acidic solution [13] and Cl -anion will also be adsorbed on its surface. So, the electrostatic interaction may not only occur on the surface of TiO2(rod) but also take place on the surface of SiO2 [28] [29] . PANI layers coated on TiO2(rod) will improve the photosensitization, hence increasing the photocatalytic performance. But, PANI-SiO2 will not photosensitized TiO2(rod), thus reducing the photodegradation of the dye pollutant. This mixed structure is predicted to be the cause of the 
XRD Pattern
XRD patterns of TiO2(rod), TiO2(rod)SiO2, and TSP composites are illustrated in Fig. 6 The patterns, anatase phase peaks, appeared at 25.19, 37.79 and 47.95, which attributed to the 101, 004, and 200 crystal planes, respectively. This indicated that only anatase phase indexed from the patterns. PANI in the TSP composite particles did not change the peak positions and shapes compared to TiO2(rod). This showed that the synthesis of TSP did not change the anatase crystalline structure of the TiO2(rod). The peak intensity of the modified catalyst was lower than the peak of TiO2(rod). This is evidence that PANI attached on TiO2(rod). It is also noted that no new diffraction peak appeared in the pattern of TSP composites. This suggests that PANI was not crystalline in the composite structure.
Photocatalytic Activity
Photocatalytic activity investigation was carried out by the degradation of methylene blue in aqueous solution under visible light irradiation. Methylene blue has a maximum absorption at about 663-664 nm. Fig. 7 shows the degradation of methylene blue in aqueous solution in the presence of TiO2(rod), TiO2(rod)SiO2, and TSP composites with different PANI content and self-degradation of methylene blue under visible light irradiation.
The performance of TSP01 and TiO2(rod)SiO2 are better than TiO2(rod) as indicated by the high percentage of degradation of MB. However, the TSP01 did not show significant improvement of the photocatalytic performance than TiO2(rod)SiO2 composite due to incomplete coverage of PANI layers just on the surface of TiO2(rod). In addition, the decreasing porosity character that occurs in all TSP composites clearly affects photocatalytic activity. Even porosity in TiO2(rod)SiO2 composites is better than porosity in all TSP composites. Some PANI layers covered the surface of SiO2 (shown from the TEM image 6e). TSP03 and TSP04 present a better performance than TiO2(rod) but lower than the performance of TiO2(rod)SiO2. The lower performance of TSP03 and TSP04 due to the excessive layer of PANI on the surface of mixed oxide which lowering the charge transfer rate. In TSP03 and TSP04, PANI content is about 16.87 and 23.35 wt.%. According to Huang [30] , PANI levels that can improve photocatalytic performance in composites (Fe3O4/SiO2/TiO2/PANI) are about 2.4-4.1 wt.%. Liu et al. [31] found that the content of PANI in the titania fiber-SiO2 composites that produce the best photocatalytic performance was 2.3 wt.%.
Our study used the aniline of 0.0137-0.0411 M concentration for 5 h polymerization process. A relatively high concentration will result in a thicker PANI layer, especially with relatively long polymerization time. Consequently, if the PANI layer deposited is so thick on the surface of the mixed structure of the mixed oxides, that it will decrease the photocatalytic activity [31] . Liu et al. [31] obtained the best results at low aniline concentrations (0.0109 M) and a short polymerization time of 1 h. Fig. 8 shows time-dependent UV-Vis spectra of the MB solution in the presence of TSP01. The slight decrease in the absorption peaks of the UV-Vis absorption spectra of MB indicates a slow degradation of MB on the composites. The slow degradation process may also be caused by the low power of the [31] [32] [33] . Similar percentage of MB degradation has also been achieved by Huang et al. [30] . It was found that PANI layer of about 2.4 wt.% on the Fe3O4/SiO2/TiO2 surface provides the best performance of reducing MB concentration of about 35% for 300 min 300 W visible light irradiation. In our study the lowest PANI content was about 9.2 wt.% on the surface of TiO2(rod)SiO2 (TSP01). Therefore, there is a big possibility of slowing down the charge transfer rate on the composite surface, hence the improved photocatalytic performance is not significant. However, the photocatalytic performance of about 25% using only 100 W Xenon lamps can be achieved using shorter irradiation time compare to Huang et al., [30] . This may be ascribed to the use of the nanorod structure of TiO2 [17] .
The kinetics plots for methylene blue degradation with those composites are shown by apparent first order reaction [34] [35] in Fig. 9 . This model is described by the equation: -ln (At /Ao) = kapp t, where kapp is the apparent rate constant, Ao is the initial absorbance of methylene blue and At is the absorbance of methylene blue at a various contact time, t. The activity of TiO2(rod), TiO2(rod)SiO2, and TSP composites can be evaluated by comparing the value of kapp listed in Table 3 .
The TSP composites with various PANI content show comparable photocatalytic activity to the TiO2(rod)SiO2. The inclusion of PANI into the TiO2(rod)SiO2 system with the relatively high content of PANI (TSP03 and TSP04) decreases the rate of methylene blue degradation reaction. The decrease in the reaction rate at a relatively high PANI level may be due to the excessive layer of PANI covering the active site of TiO2(rod)SiO2, then lowering the charge transfer rate [32] . This may also be due to the presence of a mixed structure of TiO2(rod)SiO2 that tend to form a mixed oxide than the core-shell structure so some of PANI coated on the SiO2 rather than TiO2(rod). The apparent rate constants, regression coefficients, and degradation efficiency of methylene blue are tabulated in Table 3 . The regression coefficients obtained in this research follow the apparent first order reaction kinetics.
CONCLUSION
TiO2 with rod-like shape were mixed with SiO2 spherical to become TiO2(rod)SiO2 composite resulting in a mixed structure of the oxides and composites, that is TiO2(rod)SiO2, TiO2(rod), and SiO2. Aniline forms PANI on the surface of all mixed structures of the oxides and the composites, TiO2(rod), SiO2, and TiO2(rod)-SiO2. The TSP (TiO2(rod)SiO2-PANI) composites with various PANI content show the photocatalytic activity as well as T TiO2(rod)SiO2 but the performance did not improve significantly. The low percentage of MB degradation is maybe caused by the excessive layer of PANI on the TiO2(rod)SiO2 composite as well as the formation of mixed structures. 
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